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(54) Long-chain prenyl diphosphate synthase 

(57) The present invention discloses a mutated 
enzyme comprising a geranylgeranil diphosphate syn- 
thase having its origin in wild type Sulfolobus acido- 
caldarius wherein, one of at least phenylalanine at 



position 77, methionine at position 85, valine at position 
99, tyrosine at position 101, phenylalanine at position 
1 18, arginine at position 199 and aspartic acid at posi- 
tion 312 is substituted with another amino acid. 
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Description 

BACKGROUND OF INVENTION 
1 . Field of Invention 



The present invention relates to a mutant prenyl diphosphate synthase that is able tn W nthn C ;™ 
Phate having a longer chain than prenyl diphosphate synced by L ^ZenTZ^a^nS ^ 



? 2. Related Art 



elk to ' ireJuswa '"' ana < *>• — - wJSkszsxk: 

in determining carbon chain length. ^ " mechan, sm is the factor 

Although prenyl transferases and their genes are known to be derived from bacteria mold m a n. c ^ ■ ■ 

theseenzyme are typicaHy unstable, cfiff icutt to hand.e and are not expectS 2£ ES^ST *' 
The prenyl transferases and their genes of thermophilic organisms which are stabteand St? 

are only farnesy. diphosphate synthase (FPS) (KoyZ. T. et aTd^ TZ ^TsZ s^ ^^ 

dphosphate synthase (HepPS) (Koike-Takeshita. A. etal. (1995) J. Biol c£m Taw J? ^ ^ 

the hyper thermophd.c bacterium. Sulfolobus aridocaldarhis (Ohnuma S -i et al STrw PhT ^ 



is not always easy. 
SUMMARY OF INVENTION 



Thus, the present invention provides a thermostable prenyl diphosphate synthase ear«hi« «f • , 

cha,n prenyl diphosphate, a process for its production, and a JUaSi Sng saS^T synthes.z.ng l0 ng- 

Thus, the present invention prov des a mutant enzvme wh«-Pin io a <,+ ™I ^ j , H /^ u " ,vti| raoa 
methane residue at posidon a? valine resid^ atSS. ^ SEEL* 
at position 1 18, Arqinine residue at nr^itinn iqq ar vT,. rt ^- y ^»e'«sraue at position 101, phenylalanine residue 

thesize prenyl diphosphate having at least 25 carbon atoms. 6nZyme ran Syn " 
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Moreover, the present invention provides a gene system that codes for the above-mentioned enzyme, and a proc- 
ess for producing the above-mentioned enzyme using that gene system. 

Furthermore, the present invention provides a process for producing a mutant prenyl diphosphate synthase com- 
prising the steps of culturing a host transformed with a gene in which the codon for phenylalanine residue located at the 
5 fifth N -terminal side position from the N-terminal amino acid of the aspartate-rich domain I in a gene that codes for the 
native enzyme, is converted to a codon for a non -aromatic amino acid, thereby enabling the expression of a mutant 
enzyme that is able to synthesize prenyl diphosphates having a longer chain than the longest chain of prenyl diphos- 
phate synthesized by the native prenyl diphosphate synthase. 

In addition, the present invention provides a process for producing long -chain prenyl diphosphate using the above- 
10 mentioned enzyme. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 indicates the mutation site of the present invention in the geranyl diphosphate synthase derived from Sulfolo- 
15 bus acidocaldarius. The arrows in the drawing indicate two aspartate-rich domains. 

Fig. 2 is photograph that indicates the autoradiograph of a thin layer chromatography which shows the products in 
the case of allowing the mutant enzymes of the present invention produced in yeast to act on substrates IPP and (all- 
E)-FPP. The ellipses show the positions of cold authentic samples, which are geraniol, farnesyl. and geranilgeranil for 
a, b and c respectively 

20 Fig. 3 is a photograph that indicates the autoradiograph of a thin layer chromatography which shows the products 
in the case of allowing, the mutant enzyme of the present invention produced in yeast to act on substrates IPP and (all- 
E)-GGPP. The ellipses show the positions of cold authentic samples, which are geraniol, farnesyl, and geranilgeranil for 
a, b and c respectively 

Fig. 4 is a photograph that indicates the autoradiograph of a thin layer chromatography which shows the products 
25 in the case of allowing the mutant enzyme of the present invention produced in EL coH to act on (A) substrates IPP and 
DMAPP, and on (B) substrates IPP and GPR The ellipses show the positions of cold authentic samples, which are gera- 
niol, farnesyl, and geranilgeranil for a. b and c respectively. 

Fig. 5 is the autoradiograph of a photograph that indicates a thin layer chromatography which shows the products 
in the case of allowing the mutant enzyme of the present invention produced in E coli to act on (A) substrates IPP and 
30 (all-E)-FPP, and on (B) substrates IPP and (all-E)-GGPP. The ellipses show the positions of cold authentic samples, 
which are geraniol, farnesyl. and geranilgeranil for a, b and c respectively. 

DETAILED DESCRIPTION 

35 As a specific example in the present invention, a geranylgeranyl diphosphate synthase (GGPS) gene of the hyper 

thermophilic archaebacterium. 

Sulfolobus acidocaldarius, is used for the starting material. The cloning method of this gene is described in detail in the 
specification of Japanese Patent Application No. 6-315572. In addition, another example for cloning the gene is 
described in the present specif ication as Example 1 , and a nucleotide sequence and an amino acid sequence encoded 

40 thereby are shown as SEQ ID NO: 1 . 

In the present invention, a cloned DNA is mutated in vitro. Although chemical treatment using a mutagen, or phys- 
ical treatment using UV light or X-rays can be used for the mutation means, chemical treatment is convenient to carry 
out Any routinely used chemical mutagen can be used for the mutagenesis for the present invention, an example of 
which is nitrite. 

45 A specific example of mutagenesis is shown in Example 2. 

The mutagenized DNA is inserted into a yeast expression vector to prepare a DNA library Any vector that is able 
to express an inserted extraneous gene in the yeast can be used as an expression vector, examples of which include 
a yeast plasmid such as pYEUra3 (available from Clonetech) and pYES2 (available from Invitrogen). 

The resulting plasmid library is introduced into a yeast mutant strain defective for the ability to synthesize hexapre- 

50 nyl diphosphate, which is one of the precursors of coenzyme 06. Since this mutant strain is unable to synthesize coen- 
zyme 06 necessary for non-fermentative sugar metabolism, it cannot be grown in medium that contains glycerol as the 
sole carbon source. Thus, if the yeast transform ed^by the above-mentioned library is cultured in glycerol medium and 
the strains that grow are selected, strains can be selected that have acquired the ability to synthesize prenyl diphos- 
phate having a large number of carbon atoms for coenzyme Q synthesis. 

55 Five positive clones were obtained in this manner from approximately 1400 transformants. As a result of purifying 
the plasmids from these clones, determining the nucleotide sequence of the inserted fragment and predicting amino 
acid sequences that are coded, each mutant had changes in the amino acid sequence as indicated below. 

Mutant 1 : Methionine at position 85 changed to isoleucine, arginine at position 199 changed to lysine, aspartic acid 
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15 



20 



at position 312 changed to Asn 

Mutant 2 : Phenylalanine at position 1 1 8 changed to leucine 
Mutant 3: Phenylalanine at position 77 changed to serine 

Mutant 4: Phenylanine at position 77 changed to leucine and valine at position 99 changed to methionine 
Mutant 5: Phenylalanme at position 77 changed to serine and tyrosine at position 101 changed to histidine 

In contrast to wild-type enzymes being unable to synthesize prenyl diphosphate having at least 25 carbon atoms 
enzymes havingammo acid sequences containing these changes were able to synthesize prenyl diphoSS S 

' 3min0 ^ S6qUenCeS *"* -»™"-"- ^no WJESZZ 

Thus, it can be logically surmised that if an amino acid at any one of the above-mentioned positions is replaced with 
ZT^Z a % 3 ™* «*" atoms than that seized b^the native ™ e ^n 

be synthesized. Thus the present .nvention proves a mutant enzyme in which at least one amino acid Si " 
ESSIE 8 77 ..-^nine at position 85. va.ine at position 99. tyrosine at position 1 E.KSZnTS 

ZZZ h f """J? P0S * On 199 ^ ""^ ^ at P 05 * 0 * 1 312 fe Wth another amino aTaXS 

enzyme is able to synthesze prenyl diphosphate having at least 25 carbon atoms 

a , J2 rt,CU,arl/ in "J 8 * th3t I*™****™ * P 05 ^ 77 is replaced with another amino acid, and preferably a non- 
aromatic am.no .aod such as serine or leucine, that enzyme is able to syrthesfae d^x^lS^e^ 
carbon atoms. Thus. ,n one embodiment, the present invention provides an enzyme in wnlch Z S 
position 77 ,s replaced with another amino add such as serine, leucine or another nonswon^lSJS^iii 
at enzyme indudes enzymes in which replaced amino acids are present at one or a plurality of the ^ a^e-^n 
t.oned positions. Examp.es at other amino acid positions include valine at position 99^ ty^lE^™ 

whirls? ^r^ 0 " inClUdeS 6nvn " in «** P*"*-"*- at position 77 is reptaceTen^li in 
which phenylalanine at position 77 and valine at position 99 are replaced, enzymes in which phen^alartne at So^ 
77 and tyrosme at portion 101 are replaced, enzymes in which phenylalanine at position 77 valine ai So n * ?S 

acids at the above-mentioned positions are replaced. K""'«»iy ot amino 

According to another mode of the present invention, an enzyme in which methionine at position 85 arqinine at oosi 
ton 1 99 and aspartic acid at position 312 are replaced with other amino adds is also able towSSj^S^ 
phate haying at least 25 carbon atoms. Thus, the present invention, in another entxO^S^^!^^ 
which at least rnethion^e at position 85. arginine at position 1 99 and aspartic acid at positton 3 S£ ?e 
other amino acids. In ths embodiment enzymes in which methionine at positi^^^ 
to acid at posrtion 312 are replaced, as well as enzymes containing amino acid 

sites other than at these sites or the above-mentioned mutation sites are included °' 
• A f C °^' n9 J° **' aTOther «*°*™« o» the present invention, an enzyme in which phenylalanine at position 1 ia 
^ -Another amirio acid can also synthesize prenyl diphosphate having at least 25^ a a a bo^a a x)rn^^^us in 
^ l^T* th6 PreSenl inV6ntion indudes in which at least the arrinc , SdS SfaTTS s 

replaced wrth another amino add. In this embodiment, enzymes l^^e^oa^^Zue^Z^ 
anofrer arn.no acid, as wel as enzymes containing amino acid replacements at one or ipTurality of Snslf^e 
above-mentioned ammo acid replacement positions, are included. posmons ot the 

Enzymes are known to have those own specifidties of enzyme activities even in the case of being modified bvaddi 
tan. removal and/or replacement of one or a few amino adds. Thus, in addition to the peptides taSh 2i« 
sequences shown in SEQ ID NOs: 2 to 6. the present invention also indudes enzymes Sat tTe S so^S vS 
having an ammo acid sequence that is changed by repladng. deleting and/or adding one i VlTSSfS SotS 
up to 10. amino acds with respect to the amino acid sequences shown in SEQ ID Nos- 2 to 6 ^ 

as P artate ^ch domains (sites indicated with arrows in Rg. 1) are conserved in various prenyl transferases, and 
Jiedphosphatesrteof the substrate is thought to bind to these sites. Phenylalanine at position TV^S^oosf 
tan upsfream to the N-terrrdna. side from the N-terrnina. of aspartate^* domain I preset m^N e^S^e 

Thus, in order to synthesize prenyl diphosphate having a large number of carbon atoms, for example that havino 

acd of the N-terrrunal of aspartate^ domain I ,s replaced with another amino acid, for example a non-aromatic amino 

55 having the ammo aod sequence indicated in Sequence No. 1. an enzyme is obtained that islSelol^nSeSS 
diphosphate havmg a larger number of carbon atoms than the wild type enzyme * * 

Thus the present invention provides a process for produdng a mutant prenyl transferase characterized by reolac- 
.ng^phenylalanineatthe 5th position upstream to fheW^^^t^^^^^J^^^^ 
rich domain I of prenyl transferase. This amino add reptecement can be performed by changing SSS 



40 



45 



4 
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for that amino acid. 

In addition, the present invention provides a gene coding for the various above-mentioned mutant enzymes, a vec- 
tor comprising that gene, particularly an expression vector, and a host transformed with said vector. The gene (ON A) of 
the present invention can be easily obtained by introducing a mutation into DNA that codes for the wild type amino acid 
sequence indicated in SEQ ID NO: 1 , according to routine methods such as site-directed mutagenesis or PCR. 

Moreover, once the amino acid sequence of the target enzyme has been determined, a suitable nucleotide 
sequence that codes for it can be determined, thus making the mutant is possible to chemically synthesize DNA by con- 
ventional DNA synthesis methods. 

In addition, the present invention provides an expression vector comprising the DNA as described above, hosts 
transformed with said expression vector, and a process for producing an enzyme or peptide of the present invention 
using these hosts. 

Although expression vectors contain an origin of replication, expression control sequence and so forth, these vary 
according to the host Examples of hosts include procaryotes, examples of which include bacteria such as JL co!i and 
Bacillus sp. including Bacillus subtilus : eucaryotes. examples of which include yeasts such as Saccharomyces sp. 
including & cerevisiae. and Pichia sp. including Pichia pastoris ; molds, examples of which include Aspergillus sp. such 
as & oryzae and niger ; animal cells, examples of which include cultured cells and cultured cells of higher animals, 
such as CHO cells. In addition, it is also possible to use plants for the host 

According to the present invention, as indicated in Examples, geranylfarnesyi diphosphate can be accumulated in 
the culture by culturing a host transformed by the DNA of the present invention, and geranylfarnesyi diphosphate can 
be produced by recovering it from the culture. Also according to the present invention, geranylfarnesyi diphosphate can 
be produced by allowing the mutant GGPP synthase produced according to the process of the present invention to act 
on the isopentenyl diphosphate substrate and each allylic substrate such as farnesyl diphosphate. 

In an example of using E. coli for the host gene regulation of gene expression is known to exist such as in the proc- 
ess of transcribing mRNA from DNA and the process of translating protein from mRNA. In addition to those sequences 
present in nature (e.g. lac, trp, bla. Ipp, Pt_, Pr. ter, T3 and T7 as promoters), sequences in which their mutants (e.g. 
laclIVS) are artificially joined with wild type promoter sequences (e.g. tac, trc) are known as examples of promoter 
sequences that regulate mRNA transcription, and these can also be used in the present invention. 

It is known that the ribosome binding site (GAGG and other similar sequences) sequence and the distance to the 
initiation codon are important as sequences that regulate the activity to translate the mRNA to synthesize proteins. In 
addition, it is also well known that the terminator, which commands termination of transcription on the 3'-end (e.g. a vec- 
tor containing rrnPT^ is commercially available from Pharmacia), has an effect on protein synthesis efficiency in the 
recombinant. 

Although commercially available products can be used as is for the vector that can be used for preparation of the 
recombinant vector of the present invention, various types of vectors induced according to a specific purpose can also 
be used. Examples of these include pBR322. pBR327. pKK223-3. pKK233-2 and pTrc99. originating in pMB1 and hav- 
ing the replicon. pUCl8, pUC19. pUC118, pUC119. pBluescript. pHSG298 and pHSG396 t modified to improve the 
number of copies, pACYC177 and pACYC184, derived from p15A and having the replicon. as well as plasmids origi- 
nating in pSC101. Co1E1, R1 and F factor. Moreover, expression vectors, for fused proteins, that are easier to purify, 
can also be used, examples of which include pGEX-2T, pGEX-3X and pMal-c2, and the example of a gene used as the 
starting material in the present invention is described in Japanese Patent Application No. 6-315572. 

In addition, gene introduction can also be performed by using virus vectors and transposons such as X-phages and 
M13 phages in addition to plasmids. In the case of gene introduction into a microorganism other than E rotf, gene intro- 
duction into Bacillus sp. is known using puB1 10 (sold by Sigma) or pHY300PLK (sold by Takara Shuzo). These vectors 
are described in Molecular Cloning (J. Sambrook. E.F. Fritsch, T Maniatis ed. f Cold Spring Harbor Laboratory Press, 
pub.). Cloning Vector (PH. Pouwels. B.E. Enger Valk. W.J. Brammar ed., Elsevier pub.) and various company catalogs. 

Insertion of a DNA fragment coding for GGPP synthase and. as necessary, a DNA fragment having the function of 
regulating expression of the gene of the above-mentioned enzyme, into these vectors can be performed according to 
known methods using suitable restriction enzyme and ligase. Specific examples of plasmids of the invention prepared 
in this manner include pBS-GGPSmut1 . PBS-GGPSmut2, pBS-GGPSmut3, pBS-GGPSmut4 and pBS-GGPSmut5. 

Examples of microorganisms that can be used for gene introduction with this type of recombinant vector include EL 
coli and Bacillus sp. This transformation can also be performed according to routine methods such as the CaCI 2 method 
or protoplast method descrfoed in Molecular Cloning (J. Sambrook, E.F. Fritsch, T. Maniatis ed., Cold Spring Harbor 
Laboratory Press pub.) and DNA Cloning Vol. I-III (D.M. Glover ed.. IRL Press pub.). 

In producing the mutant enzyme of the present invention, the above-mentioned transformed cell is cultured after 
which the mutant enzyme can be collected and purified from that culture in accordance with routine methods, examples 
of which include salting out. organic solvent sedimentation, gel filtration affinity chromatography, hydrophobic inter 
action chromatography and ion exchange chromatography. 

In addition, the present invention provides a process for producing prenyl diphosphate using the enzyme of the 
present invention. In this process, the enzyme of the present invention should be allowed to react in a medium, and par- 
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5 enzyme that has been immobilized in accordance with conventional method Y be *" ,mmobl " 2ed 

Prenyl diphosphate having fewer carbon atoms than the target prenyl diphosohate surh a <= «? on „^ . 

w EXAMPLES 

™! 3 ? o id P 03 ^ ( Tza 9° l0 «- A- arrf Dieckmann. C.L (1990) Microbiological Reviews 54 21 1 2SS T, an ^« * . , 
(1975) J. Bacteriol. 122. 826-831. Ashby. M.N. and Edwards PA (1990) J B^Th™ nf ^'J 9 * 0 " * 6t * 

Y-PGK, wherein the crtE gene portion had been removed from Y-crt£ (Misawa N etal nqqm i Row - . 
6704-6712, was used for the expression vector for library preparatS,. S^SaeSS " 
used as a wild strain used for the positive control M^omycps C PreM<^o strain A451 was 

Screening host mutant strain C2960-LH3 for screening is a deficient strain for the Hp*p<; „„™ i 
conducts gme deawfa, using nomotoax* ,«oLSS "^^"^ "> "«* »• <"*<» "/ "Mely 

m ° s - — — *» —2 s^,^. 

Example 1. Plasmid Construction 

BjSST'JLrSS" > * M '°«' bolh «' downstream of H» <3GPS «™ (CM- 

DNA was then used for the template DNA of PCR Electron (ATCC). and its done 

dllltoforZe^ 

am ro torm pBb-GGPS. A crtE gene portion was removed by cleaving, olasmid Y-crtF with HinHiii l~i «, wu " ™" 
portion containing me PGKpromoter and PGKterrninator was s^ 

GGPSgeneobtainedby severing pBS^GPS with Hind... ^H^S^^J^^^^SS 

Example 2. Random Mutagenesis of GGPS Gene 

M ye*r;^ 

PBS-03PS by infection with helper phage M13K07. and this was LTea^ for STnEST ^ M Sil iTn" 9 
Next the complementary strand was synthesized as primer using chemical ^^SSSS^SSSS^ 
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GACGGTATCGATAA-3* (SEG ID NO: 9) corresponding to the sequence of the T7 promoter portion. The GGPS gene 
portion was then extracted with Hind HI restriction enzyme, introduced at the Hindlll site of Y-PGK, and transformed to 
EL CQli strain XU-Blue to prepare the library. 

Example 3. Yeast Transformation and Screening 

The budding yeast. Saccharomvces cerevisiae . was transformed by the spheroplast method according to the 
method of Ashby et al. (Ashby. M.N. and Edwards. P.A (1990) J. Biol. Chem. 265. 13157-13164). Namely, HexPS-defi- 
cient strain C296-LH3 was transformed with the previously described plasmid library and cultured on leucine-deficient 
agar plate (leu" plate) using the top agar method (3% bactoagar. 0.67% yeast nitrogen base, 0.05% yeast extract. 
0.05% bacto peptone. 1.0M sorbitol and 2% glucose). 

The transformant having the Leu + phenotype was inoculated onto YEPG (1% yeast extract, 2% ethanol, 2% bacto 
peptone and 3% glycerol), D (1% yeast extract 2% ethanol, 2% bacto peptone. 3% glycerol and 0.1% glucose) and 
YPD (1% yeast extract. 2% bacto peptone and 2% glucose) agar media followed by incubation for 3 days at 30°C. 
Clones were selected from the C2960-LH3 transformants with plasmid containing mutated GGPS that grew on the 
YEPG agar plate, grew and formed colonies larger than those of non-transformed C296-LH3 on the D plate. 

This complemented phenotype is considered to indicate that the electron transport chain is active during the respi- 
ration reaction, or in other words, that a active coenzyme Q was synthesized in the C296-LH3 cells. Five clones having 
this complemented phenotype were obtained from 1.400 transformants. As a result of retesting the resulting five clones, 
not only were they able to grow on YEPG agar plates, but they also possessed the ability to form colonies that were 
clearly larger than those of YEpG3ASpH/C296-LH3, having a plasmid that contains HexPS gene of yeast origin, on D 
agar plates. The plasmid DNA of these five clones were purified in accordance with routine methods. 

These plasmids were named Y-GGPSmutl. y-GGPSmut2, Y-GGPSmut3. Y-GGPSmut4 and Y-GGPSmut5. 

Furthermore, since yeast strain C296-LH3 is deficient in HexPS activity, it is unable to biosynthesize coenzyme Q6 
which has a hexaprenol group on its side chain. Since coenzyme Q6 is required for non -fermentative metabolism, 
C296-LH3 forms colonies on media containing a small amount of glucose that are smaller than those of the wild strain, 
and does not grow on media that only contains a non-fermentative substrate like glycerol for the carbon source. Prior 
to screening for mutated activity, the effects of expression in wild type GGPS derived from Surfolobus acidocaldarius 
were investigated. 

On the D plates, strain Y-GGPS/C296-LH3, which is strain C296-LH5 having a plasmid containing the wild type 
GGPS gene, was found to clearly form colonies smaller than those of YEpG3ASpH/C296-LH3 although intermediate to 
YEpG3ASpH/C296-LH3, possessing a plasmid containing HexPS gene of yeast origin, and C296-LH3. not possessing 
a plasmid. However, Y-GGPS/C296-LH3 was unable to grow on the YEPG plate. This screening method was therefore 
confirmed to be useful. 

Example 4. Determination of DNA Nucleotide Sequence and its Analysis 

The nucleotide sequences of DNA coding for the five mutant GGPS contained in the five types of purified plasmids 
were determined using the Perkin-Elmer Model 373 A Fluorescent DNA Sequencer according to the dideoxy chain ter- 
mination method. Analysis of the nucleotide sequences was performed using the genetic data analysis software, Mac- 
MollyTetra. 

The amino acid substitution sites as deduced from the nucleotide sequence of each mutant GGPS are shown in 
Fig. 1. Replacement sites were found at the nucleotide sequence level for all selected mutants. In the case of Mutant 1 
which is the Y-GGPSmut1 insertion fragment, replacements were found consisting of mutant methionine at position 85 
changing to isoleudne, mutant arginine at position 199 changing to lysine, and mutant aspartic acid at position 312 
changing to asparagine. In the case of Mutant 2 which is the Y-GGPSmut2 insertion fragment the only replacement 
was mutant phenylalanine at position 118 changing to leucine. In the case of Mutant 3 which is the Y-GGPSmut3 inser- 
tion fragment, mutant Phe at position 77 changed to serine, in the case of Mutant 4 which is the Y-GGPSmut4 insertion 
fragment, mutant phenylalanine at position 77 changed to leucine and mutant valine at position 99 changed to methio- 
nine, and in the case of Mutant 5 which is the Y-GGPSmut5 insertion fragment, mutant phenylalanine at position 77 
changed to serine and rnutaalJyxosine at position 101 changed to histidine. 

A high proportion of these mutations consist of an aromatic amino acid residue being replaced with a non-aromatic 
amino acid residue. Phenylalanine at position 77 in particular has the most significant effect on the chain elongation 
reaction. Phenylalanine at position 77 is located at the five residues upstream from the N-terminal residue of an aspar- 
tate-rich domain I. Triere are two aspartate-rich domain motifs (ODXX(XX)D) that are conserved in prenyl transferase. 
The diphosphate portion of the substrates are believed to bind here. The amino acid residue located at the fifth position 
upstream from the N-terminal residue of this aspartate-rich domain, which was focused on for the first time in the 
present invention, is considered to be extremely important in determining the chain length of the reaction product 
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Example 5 



^J™* 5 ®*^^ Y-<3GPSmuf2/C296 L m Y 

1 M sorbitol). The cells were then suspended in 1 .2 mM butter B (50 mM Tris HCI oH 7 5 5 mM MnO \ \Z ?mZ ^ 
rertoU M sorbitol) followed by the action of 0.8 mg of zymolyase and kJ^T^SSg* 

The prepared spheroblasts were washed three times with buffer B and suspended in i ml nf hnffar r ^ ». -r - 
HCI P H 7^0 lOmMS-mercaptoethanol. 1 mM phenytmethanesullbnyl f.uond ^S^iS^^S^^ 
performed 10 tones on the suspension in ice at two minute intervals performing tJ^i^^S^f t 
maximum output using a Branson Sonifier. The lysates were incubated for 1 hour a 7wr Z< 1 me at 

transfers) of the host cells, the lysates were c^ntrifug^TmSS a ToSTa The^ mMnQ *~* 
used as a mutant GGPS crude enzyme soiufion and aiy oTp^SnUlZSS SUP6matant 

phosphatase .n accordance with the method of ^eL^eiA^a^^^^J^^^ 1 
hydrops product was extracted with pentane and after performing thin layer^Iatc^P^Sc ao^^t^ 
for the devdopmg solution, the distribution of radioactivity was analyzed with the Fuji raSS^SoS^p 
Ana.yzer The alcohols as the authentic standards, on which thin layer chromatography ZsSS^^^S 
fo.^edbysta.n.ngw*^ 

»st^ 
"*<*thew«d type enzyme. On the o^ 

as or longer than the chain length of GFPP at a .eve. tha?£.ows det^tTln SeS^T^ F?p1iT 2 T 
state, the product ratio of GGPP/GFPP indicated by the mutant OOPS JlliS^Zn^ ^^"^ 

Exa mple 6. Preparation of Mutant GGPS from E. cnli 

In order to ensure that the analysis is performed more accurately, each mutant GGPS was over .„ c 

SSSf^Tf V*" - "* ManUa '- 2nd Ed ' ^ ^tory. Cold Snng^^ew Yo M S 

collectng the bacterial cells, the bacterial cells were urtrasonfcalty homooenized in 50 mMTHc C%T L T?: M& 

(0) Is a of riding p."qipp „«h (aKH3GPP (o, «,« suS-,. £^,1™!^ ^ ^™ le - 

Or. .ncfccates the sample-spofcng point, while S.E indicates the solvent front =;-geranyigeran.ol. 
The prenyl transferase activity was assaied as fol.ows. 1 ml of assay mixture, containing 25 nmol of n- M C]IPP (37 
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GBq/moi). 25 nmol of atlytic substrate (OMAPP. GPP. (all-E)-FPP or (all-E)-GGPP). 5 umol of MgClg. 10 jimol of phos- 
phate buffer (pH 5.8) and the enzyme solution, was incubated for 60 minutes at 55°C. 

The reaction was stopped by cooling rapidly on ice. After adding 3.5 ml of water-saturated 1-butanol to the chilled 
mixture and shaking vigorously, the 1-butanol layer was washed with NaCI -saturated water and 14 C radioactivity was 
measured with a liquid scintillation counter. 1 unit of enzyme activity was defined as the amount for which 1 nmol of (1- 
14 C]IPP is incorporated into elongated prenyl diphosphate (polyprenyl diphosphate) that can be extracted with the 1- 
butanol layer. Those results are shown in the Table. 



Table 



Substrate 


Relative Activ- 
iiy ^upuy 


Product Distribution 






GPP 


FPP 


GGPP 


GFPP 


FFPP 






% 


% 


% 


% 


% 


Mutant 1 














riMAPD 

uiviMrr 


O 1 ,ouu 


23.2 


8.77 


29.6 


38.0 


0.45 


/inn 

Vjrr 




nd* 


38.8 


30.9 


30.4 


0.02 


CDD 

rrr 


A OAf\ 

4,o40 


nd* 


nd* 


65.1 


35.0 


nd* 


- GGPP 


998 


nd* 


nd* 


nd* 


100 


nd* 


Mutant 2 














HMAPP 

UMnrr 


1 0.OUU 


1.44 


0.66 


89.0 


8.86 


nd* 




f ,uou 


nd* 


20.3 


74.9 


4.89 


nd* 


cod 

rrr 


b.UoU 


nd* 


nd* 


89.5 


10.5 


nd* 


GGPP 


379 


nd* 


nd* 


nd* 


100 


nd* 


Mutant 3 














DMAPP 
u(vi/Ar r 




3.40 


27.4 


16.6 


51.6 


0.92 


Vjrr 


Q OQA 


nd* 


64.7 


9.37 


24.5 


1.44 


FPP 
rrr 


f ,cOU 


nd* 


nd* 


30.4 


69.6 


nd* 


GGPP 


3,200 


nd* 


nd* 


nd* 


100 


nd* 


Mutant 4 














DMAPP 


ifi 7nn 


4.93 


4.07 


73.2 


17.8 


nd* 


GPP 


7,460 


nd* 


38.4 


51.3 


10.3 


nd* 


FPP 


5,650 


nd* 


nd* 


85.9 


14.1 


nd* 


GGPP 


551 


nd* 


nd* 


nd* 


100 


nd* 


Mutant 5 














DMAPP 


23.600 


27.1 


18.6 


12.8 


40.4 


1.12 


GPP 


9,070 


nd* 


59.3 


13.0 


26.1 


1.56 


FPP 


8.960 


nd* 


nd* 


32.0 


68.0 


nd* 


GGPP 


2.200 


nd* 


nd* 


nd* 


100 


nd* 


Wild type 














DMAPP 


13.600 


5.61 


0.43 


94.0 


nd* 


nd* 


GPP 


6,640 


nd* 


17.2 


82.8 


nd* 


nd* 


FPP 


4,650 


nd* 


nd* 


100 


nd* 


nd* 


GGPP 


nd* 


nd* 


nd* 


nd* 


nd* 


nd* 


nd: Not detected 
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^rfo 3 ^." 11113 "* GGPS exhWted activit y *a« synthesizes polyprenyl diphosphate having a lonoer chain lonnth th a „ 
wiW ^ GGPS as well as each mutant GGPS reacted the best with DMm ?aroS four *n k 
stratesJnacyition.relativeact.Vity when allylic substrates were used thm 

cTn^T^ 

used for the al.yfic substrate, on.y a .fight amount of hexaprenyl diphosphate oiexPP) as the r!LT 

product Although the distribution of reaction products varied between each aUylic substTe J^SSTlSS 
produced ,n one cycle of the condensation reaction was large proportion of product 

synthes.5 acbvrty. whrfe also synthesizing a small amount of HexPP. exported strong GFPP 

Mutant 4. which is coded for by the insert DNA of plasmid pBS-GGPSmut4 yielded GGPP « ^ „■ _ 

■» P.OPO*, „ gppp «. ^ „. „ ^ SSKKS 



30 



40 



45 



55 



10 
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SEQUENCE LISTING 

SEQ ID NO: 1 
Sequence Length: 993 
Sequence Type: Nucleic acid 
Strandness: Double strand 
Topology: Linear 
Molecular Type: Genomic DNA 
Source 

Organism: Sulfolobus acidocal darius 
Sequence 

ATG AGT TAC TTT GAC AAC TAT TTT AAT GAG ATT GTT AAT TCT GTA AAC 4 8 

Met Ser Tyr Phe Asp Asn Tyr Phe Asn Clu He Val Asn Ser Val Asn 
20 5 10 15 

GAC ATT ATT AAG AGC TAT AT A TCT CGA GAT GTT CCT AAA CTA TAT GAA 96 
Asp He lie Lys Ser Tyr He Ser Gly Asp Val Pro Lys Leu Tyr Glu 
25 20 25 30 

GCC TCA TAT CAT TTG TTT ACA TCT GGA GGT AAG AGG TTA AGA CCA TTA 
Ala Ser. Tyr His Leu Phe Thr Ser Gly Gly Lys Arg Leu Arg Pro Leu 
35 40 ^5 

30 

ATC TTA ACT ATA TCA TCA GAT TTA TTC GGA GGA CAG AGA GAA AGA GCT 19 2 
He Leu Thr He Ser Ser Asp Leu Phe Gly Gly Gin Arg Glu Arg Ala 
50 55 60 

35 TAT TAT GCA GGT CCA GCT ATT GAA GTT CTT CAT ACT TTT ACG CTT GTG 2 60 

Tyr Tyr Ala Gly Ala Ala He Glu Val Leu His Thr Phe Thr Leu Val 
65 70 75 60 

CAT GAT GAT ATT ATG GAT CAA GAT AAT ATC AGA AGA GGG TTA CCC ACA 265 
His Asp Asp He Met Asp Gin Asp Asn He Arg Arg Gly Leu Pro Thr 

85 90 95 

GTC CAC GTG AAA TAC GGC TTA CCC TTA GCA ATA TTA GCT GGG GAT TTA 3 36 
Val His Val Lys Tyr Gly Leu Pro Leu Ala He Leu Ala Gly Asp Leu 

100 105 HO 

CTA CAT CCA AAG GCT TTT CaG CTC TTA ACC CAG GCT CTT AGA CGT TTG 36 
50 Leu His Ala Lys Ala Phe Gin Leu Leu Thr Glr\ Ala Leu Arg Gly Leu 

115 120 125 



40 



45 



EP 0 763 542 A2 



75 



20 



25 



40 



45 



50 



CCA ACT GaA ACC ATA ATT AAG CCT TTC CAT ATT TTC ACT CGT TCA ATA 
Pro Ser Clu Thr He He Lys Ala Phe Asp Ile phe Thf Arg Sef ^ 

130 135 Uo 

ATA ATT ATA TCC CAA CCA CAC CCA GTA CAT ATC CAA TTT GAG GAC AGA 
He lie He Ser Glu Gly Gin aU U.l Asp Met Clu Ph. Clu A S p Arg 
" 5 "0 1S , . 

ATT CAT ATA AAG GAG CAG GAA TAC CTT GAC ATG ATC TCA CGT AAG ACA 
He Asp He Lys Glu Gin Glu Tyr Leu A S p Met He Ser Arg Lys Thr 

GCT CCA TTA TTC TCG GCa TCC TCA ACT ATA GGC CCA CTT ATT CCT GGT 
Ala Ala tea Phe Ser Ala Ser Ser Ser Ile Gly Ala Leu He Ala Gly 

180 185 190 

GCT AAT CAT AAT GAT GTA AGA CTG ATC TCT GAT TTC GGT ACC AAT CTA 
AU As„ Asp As„ Asp Val Arg Leu Met Ser Asp Phe Gly Thr Asn Leu 

zoo 205 

CGT ATT GCA TTT CAG ATT CTT GAC GAT ATC TTA GGT CTA ACA GCA GAC 
-Gly lie Ala Phe Gin He Val Asp Asp He Leu Cly Leu Thr Ala Asp 

CAA AAG GAA CTT GGA AAC CCT GTT TTT ACT GAT ATT AGG CAG GGT AAA 
Glu Ly S Glu Leu Cly Lys Pre Val Phe Ser Asp lie Arg Clu Gly Lys 
230 235 2 , 0 



432 



480 



528 



576 



624 



225 



AAG ACT ATA CTT GTA ATA AAA ACA CTG GAG CTT TCT AAA GAG GAC CAG 
Lys Thr lie Leu v.l He Lys Thr Leu Glu Leu Cys Lys Glu Asp Glu 

AAG AAC ATT GTC CTA AAC CCC TTA GGT AAT AAG TCA GCC TCA AAA GAA 
Ly, Lys He Val Leu Lys Ala Leu Gly As* Lys Ser Ala Ser Lys Glu 

260 265 270 

GAA TTA ATG AGC TCA GCA GAT ATA ATT AAG AAA TAC TCT TTA GAT TAT 
Clu Leu Met Ser Ser Ala Asp I le Ile Lys Lys Tyr Ser Leu Asp Tyr 

Z80 2flS 
GCA TAC AAT TTA GCA GAG AAA TAT TaT AAA AAT GCT ATA GAC TCT TTA 
Ala T yr Asa Lea Ala Clu Lys Tyr Tyr Lys Asn Ala He Asp Ser Leu 

AAT CAA GTC TCC TCT AAC AGT GAT ATA CCT GGA AAG GCT TTA AAA TAT 
Asa Cln v,l Ser Ser Lys Ser Asp He p ro cly Lys AU Uu 

315 320 



672 



720 



768 



864 



912 



960 



55 



12 



EP 0 763 542 A2 



10 



15 



20 



25 



CTA CCT GAA TTT ACG ATA AGA aGG AG A AAA TAA 993 
Leu Ala Glu Phe Thr lie Arg Arg Arg Lys TER 
325 330 

SEQ ID NO: 2 
Sequence Length: 993 
Sequence Type: Nucleic acid 
Strandness: Double strand 
Topology: Linear 

Molecular Type: Mutated genomic DNA 
Sequence 

ATG AGT TAC TTT CaC AAC TAT TTT AAT GAG ATT GTT AAT TCT GTA AAC 48 
Met Ser Tyr Phe Asp Asn Tyr Phe Asn Glu lie Val Asn Ser Val Asn 

5 10 15 

GAC ATT ATT AAC AGC TAT ATA TCT CGA GAT GTT CCT AAA CTA TAT GAA 96 
Asp He lie Lys Ser Tyr He Ser Gly Asp Val Pro Lys Leu Tyr Glu 

20 25 30 

GCC TCA TAT CAT TTG TTT ACA TCT GGA GGT AAG AGG TTA AGA CCA TTA 144 
Ala Ser Tyr His Leu Phe Thr Scr Gly Gly Lys Arg Leu Arg Pro Leu 

35 40 45 

ATC TTA ACT ATA TCA TCA GAT TTA TTC GGA GGA CAG AGA GAA AGA GCT 192 
He Leu Thr He Ser Ser Asp Leu Phe Gly Gly Gin Arg Glu Acg Ala 

50 55 60 

TAT TAT GCA GGT GCA GCT ATT GAA GTT CTT CAT ACT TTT ACG CTT GTG 240 
Tyr Tyr Ala Gly Ala Ala He Glu Val Leu His Thr Phe Thr Leu Val 
65 70 75 80 

40 CAT GAT GAT ATT ATA GAT CAA CAT AAT aTC AGA AGA GGG TTA CCC ACA 288 

His Asp Asp He He Asp Gin Asp Asn He Arg Arg Gly Leu Pro Thr 

B5 90 95 

CTC CAC CTG AAA TAC GGC TTA CCC TTA CCA ATA TTA GCT GGG CAT TTA 336 

45 

Val His Val Lys Tyr Gly Leu Pro Leu Ala He Leu Ala Gly Asp Leu 

100 105 110 
CTA CAT GCA AAG GCT TTT CAG CTC TTA ACC CAG GCT CTT AGA GGT TTG 384 
50 Leu His Ala Lys A La Phe Gin Leu Leu Thr Gin Ala Leu Arg Gly Leu 
115 120 125 



35 



55 
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75 



20 



25 



30 



35 



45 



50 



CCA AGT GAA ACC ATA ATT AAG GCT TTC GAT ATT TTC ACT CCT TCA ATA 
Pro Ser Glu Thr lie H e Lys Ala Phe Asp He Phe Thr Arg Ser He 

130 135 1/)0 

ATA ATT ATA TCC GAA GGA CAG GCA GTA GAT ATG CAA TTT GAG GAC AGA 
He He He Ser Glu Gly Gin Ala Val Asp Met Glu Phe Glu Asp Arg 
I* 5 150 iS5 160 

ATT GAT ATA AAG GAC CAC GAA TAC CTT GAC ATG ATC TCA CCT AAG ACA 
He Asp He Lys Glu Gin Glu Tyr Leu Asp Met He Ser Arg Lys Thr 

165 170 175 

GCT CCA TTA TTC TCC GCA TCC TCA AGT ATA GGC GCA CTT ATT GCT GCT 
Ala Ala Leu Phe Ser Ala Ser Ser Ser He Gly Ala Leu He Ala Gly 

180 185 190 

GCT AAT GAT AAT GAT GTA AAA CTG ATG TCT CAT TTC GGT ACG AAT CTA 
Ala Asn Asp Asn Asp Val Lys Leu Met. Ser Asp Phe Gly Thr Asp. Leu 

195 200 205 

GGT ATT GCA TTT CAG ATT GTT GAC GAT ATC TTA GGT CTA ACA GCA GAC 
Gly He Ala Phe Glu He Val Asp Asp He Leu Gly Leu Thr Ala Asp 

210 215 220 

GAA AAG GAA CTT GGA AAG CCT GTT TTT AGT GAT ATT AGG GaG GGT AAA 
Glu Lys Glu Leu Gly Lys Pro Val Phe Ser Asp lie Arg Glu Gly Lys 
225 230 235 240 

AAG ACT ATA CTT GTA ATA AAA ACA CTG GAG CTT TGT AAA GAG GAC GAG 
Lys Thr He Leu Val lie Lys Thr Leu Glu Leu Cys Lys Glu Asp Clu 

2 *5 250 255 

AAC AAG aTT GTC CTA AAG GCC TTA GGT AAT AAG ICA CCC TCA AAA GAA 
Lys Lys He Val Leu Lys Ala Leu Gly Asn Lys Ser Ala Ser Lys Glu 

260 265 270 

GAA TTA ATG AGC TCA CCA GAT ATA ATT AAG AAA TAC TCT TTA CAT TAT 
Glu Leu Met Ser Ser Ala Asp He He Lys Lys Tyr Ser Leu Asp Tyr 

275 280 285 

GCA TAC AAT TTA GCA GAG AAA TAT TAT AAA AAT GCT ATA GAC TCT TTA 
Ala Tyr Asn Leu Ala Glu Lys Tyr Tyr Lys Asn Ala He Asp Ser Leu 
290 295 300 

AAT CAA GTC TCC TCT AAG AGT AAT ATA CCT GGA AAG GCT TTA AAA TAT 
Asn Gin Val Ser Ser Lys Ser Asn lie Pro Gly Lys Ala Leu Lys Tyr 
305 ~ 310 315 320 



(•32 



480 



528 



576 



624 



672 



720 



76a 



816 



864 



912 



960 



55 
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20 



25 



35 



r'\ 40 



CTA CCT GAA TTT ACG ATA ACA AGC AGA AAA TAA 99 1 

Leu Ala Clu Phe Thr lie Arg Arg Arg Lys TER 

325 330 

SEQ ID NO: 3 
Sequence length; 993 
Sequence Type: Nucleic acid 
Strandness: Double strand 
Topology: Linear 

Molecular Type: Mutated genomic DNA 
Sequence 

ATG AGT TAC TTT GAC AAC TAT TTT AAT GAG ATT GTT AAT TCT CTA AAC <>8 
Met Ser Tyr Phe Asp Asn Tyr Phe Asn Glu lie v a l Asn Ser Val Asn 

5 10 15 

GAC ATT ATT AAG AGC TAT ATA TCT GGA GAT GTT CCT AAA CTA TAT GAA 9 6 

Asp He He Lys Ser Tyr He Ser Gly Asp Val Pro Lys Leu Tyr Glu 

20 25 30 

CCC TCA TAT CAT TTG TTT ACA TCT CCA GGT AAG AGG TTA ACA CCA TTA lft 4 
Ala Ser Tyr His Leu Phe Thr Ser Gly Gly Lys Arg Leu Arg Pro Leu 
30 35 40 45 

ATC TTA ACT ATA TCA TCA GAT TTA TTC GGA GGA CAC AGA GAA ACA GCT 192 
He Leu Thr He Ser Ser Asp Leu Phe Gly Gly Gin Arg Glu Arg Ala 

50 55 60 

TAT TAT CCA GGT GCA CCT ATT GAA GTT CTT CAT ACT TTT ACG CTT GTG 26 0 
Tyr Tyr Ala Gly Ala Ala He Glu Val Leu His Thr Phe Thr Leu Val 
65 70 75 SO 

CAT GAT GAT ATT ATG GAT CAA GAT AAT ATC AGA AGA GGG TTA CCC ACA 288 
His Asp Asp He Met Asp Gin Asp Asn He Arg Arg Gly Leu Pro Thr 
B5 90 95 

45 GTC CAC GTG AAA TAC GCC TTA CCC TTA GCA ATA TTA GCT GGG GAT TTA 336 

Val His Val Lys Tyr Gly Leu Pro Leu Ala He Leu Ala Gly Asp Leu 

100 105 HO 

CTA CAT GCA AAG GCT CTT CAC CTC TTA ACC CAC GCT CTT AGA CCT TTG 384 
Leu His ALa Lys Ala Leu Gin Leu Leu Thr Gin Ala Le u Arg Cly Leu 
115 120 125 



50 



55 
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CCA ACT GAA ACC ATA ATT AAG CCT TTC CAT ATT TTC ACT CGT TCa ATA 
Pro Ser Cl« Thr II, Ue Lys Ala Phe Asp lie Phe The Arg Ser He 

ATA ATT ATA TCC GAA CCA CAG CCA GTA GAT ATG GAA TTT GAG GAC AGA 
He lie He Ser ci„ c ly cm AX . Val Asp Met clu phe ^ ^ ^ & 

1(,s ISO 1S c 

135 160 

ATT GAT ATA AAG GAG CAC CAA TAC CTT GAC ATG ATC TCA CGT AAG ACA 
XU Asp He Lys Clu Gin Glu Tyr Leu Asp Met lie Ser Arg Lys Thr 

175 

GCT GCA ™ TTC TCG GU ™ «* ACT ATA GGC GCa CTT ATT GCT GGT 
AU Al. Leu Phe Ser Ala Ser Ser Ser He Gly Ala Leu He A l, Gly 

GCT AAT GAT AAT GAT GTA AGA CTG ATG TCT CAT TTC GGT ACG AAT CTA 
Ala Asn Asp ash Asp Val Arg Leu Met Ser Asp Phe Gly Thr Asn Leu 

ZOO 

CGT ATT GCA TTT CAG ATT GTT GAC GAT ATC TTA CGT CTA ACA GC A GAC 
Ply lie Ala Phe Gin He Val Asp Asp lie Ueu cly Leu Thr Ala 

"5 

GAA AAG GAA CTT CGA AAG CCT GTT TTT ACT GAT ATT AGG GAG GGT AAA 

Clu Lys Glu teu cly Lys Pro Val Phe Ser A6p X1 . Arg Glu Gly Lys 

225 230 2 , s 

233 240 

AAG ACT ATA CTT GTA ATA AAA ACA CTG GAC CTT TGT AAA CAG CAC GAG 
Lys Thr He Leu Val He Lys Thr Leu Glu Leu Cys Lys clu Asp Glu 

245 25Q 

AAG AAG ATT GTC CTA AAG GCU TTA GGT AAT AAC TCA GCC TCA 'AAA GAA 
tys Lys IU V al Leu Lys AU Lfiu ^ ^ ^ ^ ^ ^ ^ ^ 

Z60 263 
CAA TTA ATG AGC TCA GCA GAT ATA ATT AAG AAA TAC TCT m GAT TAT 
Clu Leu Het Ser Ser Ala Asp He He Lys Lys Tyr ,„ ^ Asp ^ 

27S 280 28S 

CCA TAC AAT TTA CCA GAG AAA TAT TAT AAA AAT CCT ATA GAC TCT TTA 
AU Tyr As n Leu Ala Gl« Lys Tyc Tyr Lys Asn Ala He Asp Ser Leu 

'« 300 
AAT CAA GTC TCC TCT AAG AGT CAT ATa CCT CCA AAG GCT TTA AAA TAT 
A- Gin vai Ser Ser Lys S er Asp He P ro Gi y Lys AU Leu tys 

305 - 310 3jL5 7 

313 320 



432 



480 



528 



576 



624 



672 



720 



768 



816 



864 



912 



960 



16 



EP 0 763 542 A2 



CTA GCT GAA TTT ACC ATA AGA AGG AGA AAA TAA 993 
Leu Ala Glu Phe. Thr lie Arg Arg Arg Lys 
325 330 

SEQ ID NO: 4 
Sequence Length: 993 
Sequence Type: Nucleic acid 
Strandness: Double strand 
Topology: Linear 

Molecular Type: Mutated genomic ONA 
Sequence 

ATG AGT TAC TTT CAC AAC TAT TTT AAT GAG ATT GTT AAT TCT GTA AAC 48 
Met Ser Tyr Phe Asp Asn Tyr Phe Asn Glu lie Val Asn Ser Val Asn 

5 10 15 

GAC ATT ATT AAG AGC TAT ATA TCT GGA GAT GTT CCT AAA CTA TAT CAA 96 
Asp lie lie Lye Ser Tyr lie Ser Gly Asp Val Pro Lys Leu Tyr Glu 

20 25 30 

CCC TCA TAT CAT TTG TTT ACA TCT GGA CGT AAG AGG TTA AGA CCA TTA 144 
Ala Ser Tyr His Leu Phe Thr Ser Gly Gly Lys Arg Leu Arg Pro Leu 

35 40 45 

ATC TTA ACT ATA TCA TCA GAT TTA TTC GGA GGA CAG AGA GAA AGA GCT 192 
lie Leu Thr lie Ser Ser Asp Leu Phe Gly Gly Gin Arg Glu Arg Ala 

50 55 60 

TAT TAT CCA CGT GCA GCT ATT GAA GTT CTT CAT ACT TCT ACG CTT- CTG 240 
Tyr Tyr Ala Gly Ala Ala He Glu Val Leu His Thr Ser Thr Leu Val 
65 70 7S 80 

M CAT GAT GAT ATT ATG GAT CAA GAT AAT ATC AGA AGA GGG TTA CCC ACA 288 

His Asp Asp He Met Asp Gin Asp Asn He Arg Arg Gly Leu Pro Thr 

85 90 95 

GTC CAC CTG AAA TAC GGC TTA CCC TTA GCA ATA TTA GCT GGG GAT TTA 336 
Val His Val Lys Tyr Gly Leu Pro Leu Ala He Leu Ala Gly Asp Leu 

100 105 110 

CTA CAT GCA AAG GCT TTT CAG CTC TTA ACC CAG GCT CTT AGA CGT TTG 384 
Leu His Ala Lys Ala Phe Gin Leu Leu Thr Gin Ala Leu Arg Gly Leu 
115 "* 120 12'5~ 



10 



15 



20 



25 



30 



35 



45 



50 



55 



EP 0 763 542 A2 



CCA ACT GAA ACC ATA ATT AAG CCT TTC GAT ATT TTC ACT CGT TCA ATA 
Pro Ser Ciu Thr lie lie Lys Al a Phe Asp He Phe Thr Arg Ser lie 

130 135 M0 

ATA ATT ATA TCC GAA GGA CAG CCA GTA CAT ATG GAA TTT GAG GAC ACa 
He lie lie Ser Glu Cly Cln Ala V a l Asp Met Glu Phe Glu Asp Arg 
" 5 150 XSS ■ 160 

ATT GAT ATA AAG GAG CAG GAA TAC CTT GAC ATG ATC TCA CGT AAC ACA 
He Asp lie Lys Glu Gl„ Gl u Tyr Leu Asp Mefc u , Ser Arg Lyg ^ 

165 170 175 

OCT CCA TTA TTC TCG GCA TCC TCA ACT ATA CGC GCA CTT ATT GCT CGT 
Ala Ala Leu Phe Ser Ala Ser Ser Ser lie Gly Ala Leu He Ala Gly 

180 "5 190 

GCT AAT GAT AAT GAT GTA ACA CTC ATC TCT CAT TTC GGT ACG AAT CTA 
Ala Asn Asp Asn Asp v a i Arg Leu Met Ser Ajp phe cly Thf ^ ^ 

1? 5 200 205 

GGT ATT GCA TTT CAG ATT GTT GAC GAT ATC TTA GGT CTA ACA CCA GAC 
Gly lie Ala Phe Gin He Val Asp Asp He Leu Gly Leu Thr Ala A sp 

210 215 220 

GAA AAG GAA CTT GCA AAG CCT GTT TTT ACT GAT ATT ACG GAG GGT AAA 
Glu Ly S Glu Leu Gly Lys Pro Val Phe Ser Asp He Arg GLu Gly Lys 

AAG ACT ATA CTT GTA ATA AAA ACA CTC CaG CTT TCT AAA GAG GaC GAG 
Lys Thr He Leu Val He L ys Thr Leu Glu Leu Cys Lys Glu Asp Glu 

" 5 WO Z55 

AAG AAG ATT CTC CTA AAG GCG TTA GGT AAT AAG TCA CCC TCA AAA GAA 
Lys Lys He Val Leu Lys Ala Leu Gly Asn Lys Ser Ala Ser Lys Glu 

265 270 
GAA TTA ATG AGC TCA GCA CAT ATA ATT AAG AAA T A C TCT TTa GAT TAT 
Glu Leu Met Ser Ser Ala Asp He lie Lys Lys Tyr Ser Leu Asp Tyr 

273 280 285 

CCA TAC AAT TTA GCA CAG AAA TAT TAT AAA AAT GCT ATA GAC ICT TTA 
Ala Tyr Asn Leu Ala Glu Lys Tyr Tyr Lys Asn Ala lie Asp Ser Leu 

"° 295 300 

AAT CAA CTC TCC TCT AAG ACT CAT ATA CCT CGa AAG GCT TTA AAA TAT 
Asn Gin Val ser Ser Lys Ser Asp He P r „ Cly Lys Ala Leu Lys T yr 

- 315 



632 



480 



528 



576 



624 



672 



720 



768 



816 



864 



912 



960 
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CTA GCT CAA TTT ACG ATA AGA AGG AGa AAA TAA 993 
Leu Ala GLu Phc Thr lie Arg Arg Arg Lys T£R 
325 330 

SEQ ID NO: 5 
Sequence Length: 99 3 
Sequence Type: Nucleic acid 
Strandness = Double strand 
Topology: Linear 

Molecular Type: Mutated genomic DNA 
Sequence 

ATG AGT TAC TTT CAC AAC TAT TTT AAT GAG ATT GTT AAT TCT GTA AAC 48 
Met Ser Tyr. Phe Asp Asn Tyr Phe Asn Glu lie Val Asn Ser Val Asn 

5 10 IS 

CAC ATT ATT AAG AGC TAT ATA TCT GGA GAT GTT CCT AAA CTA TAT GAA 96 
Asp He He Lys Ser Tyr He Ser Gly Asp v a l Pro Lys Leu Tyr Glu 

20 25 30 

GCC TCA TAT CAT TTG TTT ACA TCT GGA GGT AAG ACG TTA AGA CCA TTA 144 
Ala Ser Tyr His Leu Phe Thr Ser Gly Gly Lys Arg Leu Arg Pro Leu 

35 40 45 

ATC TTA ACT ATA TCA TCA GAT TTA TTC GGA GGA CAG AGA GAA AGA GCT 192 
He Leu Thr He Ser Ser Asp Leu Phe Gly Gly Gin Arg Glu Arg Ala 

SO 55 60 

TAT TAT GCA CCT CCA > GCT ATT GAA GTT CTT CAT ACT CTT ACG CTT GTG 240 
Tyr Tyr Ala Gly Ala Ala He Glu Val Leu His Thr Leu Thr Leu Val 
65 70 75 80 

40 CAT GAT GAT ATT ATG GAT CAA GAT AAT ATC ACA AGA CGG TTA CCC ACA 288 

His Asp Asp He Met Asp Gin Asp Asn He Arg Arg Gly Leu Pro Thr 

85 90 95 

GTC CAC ATG AAA TAC GGC TTA CCC TTA CCa ATA TTA CCT GGG GAT TTA 336 
Val His Met Lys Tyr Gly Leu Pro Leu Ala He Leu Ala Gly Asp Leu 

100 105 HO 

CTA CAT GCA AAG GCT TTT CaG CTC TTA ACC CAG GCT CTT AGA GCT TTG 38^ 
Leu His Ala Lys Ala Phe Gin Leu Leu Thr Gin Ala Leu Arg Gly Leu 
115 120 125 
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30 



35 



40 



CCA AGT 
Pro Ser 
130 
ATA ATT 
lie He 
145 

ATT GAT 
He Asp 



GAA ACC 
Clu Thr 

ATA TCC 
He Ser 

ATA AAG 
He Lys 



GCT CCA 
Ala Ala 

GCT AAT 
Ala Asn 

GGT ATT 
Gly He 
210 
CAA AAG 
Glu Lys 
225 

AAG ACT 
Lys Thr 



TTA TTC 
Leu Phe 
180 
GAT AAT 
Asp Asn 
195 

GCA TTT 
Ala Phe 

GaA CTT 
Glu Leu 

ATA CTT 
He Leu 



ATA ATT AAG 
He He Lys 
135 

GAA GGA CAG 
Glu Cly Gin 
150 

GAG CAG CAA 
Glu Cln Glu 
165 

TCG GCA TCC 
Ser Ala Ser 



GCT TTC 
Ala Phe 



GCA GTA 
Ala Val 

TAC CTT 
Tyr Leu 



CAT GTA AGA 
Asp Val Arg 



AAG AAG 
Lys Lys 

GAA TTA 
Glu Leu 

GCA TAC 
Ala Tyr 
290 
AAT CAA 
Asn Gin 
305 



ATT GTC 
He Val 
260 
ATG AGC 
Met Ser 
2 75 

AAT TTA 

Asn Leu 

GTC TCC 
Val Ser 



CaG ATT GTT 
Gin He Val 
215 

GGA AAG CCT 
Gly Lys Pro 

230 
GTA ATA AAA 
Val He Lys 

CTA AAG CCG 
Leu Lys Ala 

TCA CCA GAT 
Ser Ala Asp 

GCA GAG AAA 
Ala Glu Lys 

295 

TCT AAG AGT 
Ser Lys Ser 
310 



TCA AGT 
Scr Ser 
185 
CTG ATG 
Leu Met 
200 

CAC GAT 
Asp Asp 

GTT TTT 
Val Phe 

ACa CTG 
Thr Leu 

TTA GGT 
Leu Gly 
265 
ATA ATT 
He He 
280 

tat tat 

Tyr Tyr 

GAT ATA 
Asp He 



GaT ATT TTC ACT CCT TCA ATA 432 
Asp He Phe Thr. Arg Ser He 
140 

GAT ATG GAA TTT GAG GAC AGA 480 
Asp Met Glu Phe Glu Asp Arg 
155 160 
GAC ATG ATC TCA CGT AAG ACA 528 
Asp Met lie Ser Arg Lys Thr 
170 X75 
ATA GGC GCA CTT ATT GCT GGT 576 
He Gly Ala Leu He Ala Gly 
190 

TCT GAT TTC GGT ACG AAT CTA 624 
Ser Asp Phe Gly Thr Asn Leu 
205 

ATC TTA GGT CTA ACA GCA GAC 672 
He Leu Gly Leu Thr Ala Asp 
220 

AGT CAT ATT ACG GAG CGT AAA 720 
Ser Asp He Arg Glu Gly Lys 
235 2<( o 
CAG CTT TGT AAA GAG GAC GAG 768 
Glu Leu Cys Lys Glu Asp Glu 
250 255 
AAT AAG TCA GCC TCA AAA CAA " 816 
Asn Lys Ser Ala Ser Lys Glu 
270 

AAG AAA TAC TCT TTA GAT TAT 864 
Lys Lys Tyr Ser Leu Asp Tyr 
285 

AAA AAT CCT ATA GAC TCT TTA 912 
Lys Asn Ala He Asp Ser Leu 
300 

CCT GGA AAG GCT TTA AAA TAT 960 
Pro Gly Lys Ala Leu Lys Tyr 
315 320 
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CTA CCT CAA TTT ACG ATA AGA AGG ACA AAA TAA 99 3 

Leu Ala Glu Phe Thr lie Arg Arg Arg Lys TER 
325 330 

SEQ ID NO: 6 
Sequence Length: 993 
Sequence Type: Nucleic acid 
Strandness: Double strand 
Topology: Linear 

Molecular Type: Mutated genomic DMA 
Sequence 

ATG AGT TAC TTT GAC AAC TAT TTT AAT GAG ATT GTT AAT TCT GTA AAC t8 
Met Ser Tyr Phe Asp Asn Tyr Phe Asn Glu He Val Asn Ser Val Asn 

5 10 15 

GAC ATT ATT AAG AGC TAT ATA TCT CGA GAT GTT CCT AAA CTA TAT GAA 96 
Asp lie He Lys Ser Tyr He Ser Gly Asp Val Pro Lys Leu Tyr Glu 

20 25 30 

GCC TCA TAT CAT TTG TTT ACA TCT CGA GGT AAG AGG TTA AGA CCA TTA 144 
Ala Ser Tyr His Leu Phe Thr Ser Gly Gly Lys Arg Leu Arg Pro Leu 

35 40 45 

ATC TTA ACT ATA TCA TCA GAT TTA TTC GGA GCA CAG AGA CAA AGA GCT i92 
He Leu Thr He Ser Ser Asp Leu Phe Cly Gly Gin Arg Glu Arg Ala 

50 55 60 

TAT TAT GCA GGT GCA GCT ATT GAA GTT CTT CAT ACT TCT ACG CTT GTG . . . 240 
Tyr Tyr Ala Gly aU Ala He Glu v a l Leu His Thr Ser Thr Leu VaL 
65 70 75 80 

CAT GAT GAT ATT ATG GAT CAA GAT AAT ATC ACA AGA CGG TTA CCC ACA 288 
His Asp Asp He Met Asp Gin Asp Asn He Arg Arg Gly Leu Pro Thr 

85 90 95 

GTC CAC GTG AAA CAC GGC TTA CCC TTA GCA ATA TTA GCT GGG GAT TTA 3 36 
Val His Val Lys His Gly Leu Pro Leu Ala He Leu Ala Gly Asp Leu 

100 105 110 
CTA CAT GCA AAG GCT TTT CAG CTC TTA ACC CAG GCT CTT AGA GGT TTG 334 
50 Leu His Ala Lys Ala Phe Gin Leu Leu Thr Gin Ala Leu Arg Cly Leu 
115 120 125 



35 



45 



55 



EP0 763 542 A2 



15 



20 



25 



CCA ACT GAA ACC ATA ATT AAG CCT TTC GAT ATT TTC ACT CGT TCA ATA 432 
^ Pro Ser Glu Thr He He Lys Ala Phe Asp He Phe Thr Arg Ser He 

130 135 1UQ 

ATA ATT ATA TCC GAA GGA CAG GCA GTA GAT ATG GAA TTT GAG CAC AGA 480 
lie He He Ser Glu Cly Gin Ala Val Asp Met Glu Phe Glu Asp Arg 
10 U5 150 l 55 160 

ATT GAT ATA AAG GAG CAG GAA T AC CTT GAC ATG ATC TCA CGT AAG ACA 528 
He Asp He Lys Glu Cln Glu Tyr Leu Asp Met He Ser Arg Lys Thr 

16 5 170 175 

GCT GCA TTA TTC TCG GCA TCC TCA AGT ATA GGC GCA CTT ATT CCT GGT 576 
Ala Ala Leu Phe Ser Ala Ser Ser Ser He Gly Ala Leu He *Ala Gly 

180 185 i9o 

GCT AAT GAT AAT GAT GTA AGA CTG ATG TCT GAT TTC CGT ACG AAT CTA 62 A 
Ala Asn Asp Asn Asp Val Arg Leu tfet Ser Asp Fhe Gly Thr Asn Leu 

195 200 205 

GGT ATT GCA TTT CAG ATT GTT GAC GAT ATC TTA GGT CTA ACA GCA GAC 672 
Gly He Ala Phe Cln H e Val Asp Asp He Leu Cly Leu Thr Ala Asp 

210 215 220 

GAA AAG GAA CTT GGA AAG CCT GTT TTT AGT GAT ATT AGC GAG GGT AAA 720 
30 Glu L ? s Giu Leu G ly Pro Val Phe Ser Asp lie Arg Glu Gly Lys 

225 230 235 2< 0 

AAC ACT ATA CTT GTA ATA AAA ACA CTG GAG CTT TCT AAA GAG GAC CAG 768 
Lys Thr He Leu v*i n e Lys Thr Leu Glu Uu Cys Ly$ Glu Asp clu 

55 2*5 250 25S 

AAC AAG ATT CTC CTA AAG CCG TTX GGT AaT AAG TCA GCC TCA AAA GAA 816 
Lys Lys He Val Leu Lys Ala Leu Gly Asn Lys Ser Ala Ser Lys Glu 

260 265 270 

GAA TTA ATG AGC TCA GCA GAT ATA ATT AAC AAA TaC TCT TTA GAT TAT 864 
Glu Leu Met Ser Ser Ala Asp He He Lys Lys Tyr Ser Leu Asp Tyr 

275 280 285 

GCA TAC AAT TTA GCa GAC AAA TaT TAT AAA AAT CCT ATA GAC TCT TTA 912 
Ala Tyr Asn Leu Ala Glu Lys Tyr Tyr Lys Asn Ala He Asp Ser Leu 

290 295 300 
AAT CAA CTC TCC TCT AAG aGT GAT ATA CCT GGA AAG GCT TTA AAA TAT 960 
Asn Gin Val Ser Ser Lys Ser Asp He Pro Gly Lys Ala Leu Lys Tyr 
305 310 315 32Q ^ 
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CTA GCT GAA TTT ACG ATA AGA AGG AGA AAA TAA 993 
LeU Ala Glu Phe Thr lie Arg Arg Arg Lys TER 
3Z5 330 

SEQ ID NO: 7 

Sequence Length: 26 

Sequence Type: Nucleic acid 

Strandness: Single strand 

Topology: Linear 

Molecular Type; Synthetic ONA 

Sequence 

AAGAGAAGCT TATGAGTTAC TTTGAC 26 

SEQ ID NO : 8 

Sequence Length: 21 

Sequence Type: Nucleic acid 

Strandness: Single strand 

Topology: Linear 

Molecular Type: Synthetic DNA 

Sequence 

GATACAAGCT ttattttctc c 

SEQ ID NO: 9 

Sequence Length: 2 8 

Sequence Type: Nucleic acid 

Strandness: Single strand 

Topology: Linear 

Molecular Type: Synthetic DNA 

Sequence 

CCCCCCTCGA GGTCGACGGT ATCGATAA 28 



The present invention discloses a mutated enzyme comprising a jjeranylgeranil diphosphate synthase having its 
origin in wild type Sutfolobus acidocaldarius wherein, one of at least phenylalanine at position 77, methionine at position 
85. valine at position 99, tyrosine at position 101. phenylalanine at position 118, arginine at position 199 and aspartic 
acid at position 312 is substituted with another amino acid. 

Claims 

1 . A mutated enzyme wherein at least one of phenylalanine at position 77. methionine at position 85, valine at position 
99, tyrosine at position 101, phenylalanine at position 1 1 8, arginine at position 1 99 and aspartic acid at position 31 2 
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in a geranylgeranil diphosphate synthase of SuKolgbys adgoGaldanus origin, is replaced with another amino 
which enzyme is able to form prenyl diphosphate havina at least ?s ran™ JT acea w ™ anotner amino aad. 

2. Anenzyme as set forth in claim t wherein at least phenylalanine at position 77 is substituted with another amino 

3. An enzyme as set forth in claim 2 wherein said amino acid is a non-aromatic amino acid. 

4. Anenzyme as set forth in claim 2 wherein phenylalanine a. position 77 is substituted with a non-aromatic amino 

5 ' aTnoTd " ^ 6fther daim 2 ° f ^ 3 *"* V3,ine at 99 «• *-« substituted by another 

8. ^enzyme as set forth in claim 1 wherein at least phenytalanine at position 1 1 8 is substituted with another amino 

9. A gene that codes for an enzyme as set forth in any of claims 1 through 8. 

1 0. An expression vector that contains a gene as set forth in claim 9. 

1 1 . A host transfected by an expression vector as set forth in claim 1 0. 

1 2. A process for production of an enzyme according to claim 1 1 in a orocess for nrnrf. ,r,n n 

any of claims 1 through 8. Oaim i . comprising the ste^s of ^ 9 *" enZym ° 33 S6t forth in 

cufturing host cel.s transformed with an expression vector corrprising a gene ceding for ^ enzyme ^ daim 
recovering the enzyme. 

13. A process for production of a mutated prenyl diphosphate synthase comprising the step of: 

ojlturirKj host cells transformed with a gene ir«jtatedbv«5i*^tiifinn«*o ( „ „ 

fine upstream to the amino terminal of the J£S££££Z£ Ith^donS SSL"* 7""° * 
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Fig. 1 
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Fig. 2 
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Fig. 3 
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(54) Long-chain prenyl diphosphate synthase 

(57) The present invention discloses a mutated 
. enzyme comprising a geranylgeranil diphosphate syn- 
thase having its origin in wild type Sulfolobus acido- 
caldarius wherein, one of at least phenylalanine at 
position 77, methionine at position 85, valine at position 
99. tyrosine at position 101, phenylalanine at position 
118, arginine at position 199 and aspartic acid at posi- 
tion 312 is substituted with another amino acid. 
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